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(57)Abstract: 

PURPOSE: To heighten stability to disturbance by 
performing the feedback of the operating quantity, 
correponding to the deviation of the quantity-of-state 
such as the inclination of an actual robot to a model, to 
the model at least so as to correct the behavior of the 
model at the time of stabilizing the attitude of a model 
trailing type leg-type mobile robot. 

CONSTITUTION: In a biped walking leg type mobile robot 
with six joints provided at each leg part link 2 forming 
each lateral leg, each ankle part is provided with a six- 
axis tension sensor 36, flat foot parts 22R, 33L are 
provided at four corners with capacitance type 
grounding switches, and an upper body 24 is provided 
with an inclination sensor. The electric motor of each 
joint is provided with a rotary encoder for detecting its 
rotating quantity, and the output signal of each above- 
mentioned detecting means is sent to a control unit 26 
to perform walk control on the basis of a model. At this 
time, the floor reaction target value to be supplied at 




least to the model is corrected according to the inclination deviation of an actual robot to the 
model. The walking form of the model is then corrected in such a way as to satisfy the 
corrected floor reaction target value for the convergence of the inclination deviation. 
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30 ZMP @^{4H*d3^i 0T<Rm«*«W&^©fl'A: 

^, ffi«|5ie$i±6ft^ <> cfttcJ:^. *P^, hi© 

> hJJJ«flfe-r*Mfi[JgT-«:fifl5lSft«. 

[0 0 5 2 ] «±{cj;o-C3}ctoe,ti. miEZntc±i£tiL 

*f r JU©^-MBP©^{4^is!)e.ft'5 < , 1^. C©P*'^ h 
(4i*r^rftKr^3l$ft-5 0 J|a*^ h lkb. -e© 
SMWi'^ TA&ffiit 6ft So 

[0 05 3] «±©>-^f A(Ctel>t, Wmmd err i 
coerr tCI&Gfc^r^UfilfP^r-y > HVlmdl ^OtK-^ h 
«l^fJl-K§x.S7^ - K^* * *iWRSJtt. 5t0cffffl 
ffiar-giHJO/cl^StCi^r. 0err £ coerr ^rOJCiR^ 

[0054] cct, S9icfcc»r. ©Siiig^str^ 

j ef t ;HC*f s ;Ut»fp- : e-^> rMmdl #sj]uft> 0 r. 
50 ;U©M#0mdl i-€-©ftj!gcomdl tftptLg. (iSjxt^ 



11 

■C. 0mdl , comdl »2S«fc-T£. fCt, tf&Semdl 
5>y^S-rSC<f:{Ccl;-pr0md1 . comdl ©|£ifc£ 
[0 05 5] iC5-C. aJfePStCteW-S**— ifr (C 

e-rns. c©ci£. 2 *#&©*»&&*> 6 ms 
t. 3mw£¥«s*£§©£gr. iti»j£¥£±f*© 

[0 05 6 3 »SW«ia»W»i(4S^»i»«6(4SJa:i*© 

S¥*)ul^ - 7^-*-c-^x.<i>nrc»-s©-e > ^2^s© 

J&Mtit't 5 y - f ©— o-C* 5 *;jW)@!W{£g£ - A x 
foottotal tcWTh-r. m2&m<D±mkMte*:<D££ 

mdl * - A x fcx>ttotal/h trunk /cWf6 f. C ©IS 

6aSt^MS6*^f ; ^©t>i9SS©-oT**i«*ft 0 
mdl xfoottotal/h trunk tcV)WA%t £ C tOfi-CS 

So ait. #tsfig^^s-rsc<t(cj:«3. asES^-ga 

[0 05 7] ±E*lW«£U WTilO^a-^t 
[0 05 8] 5fe-T. S 1 0 iCte^XM&m+M*:-?**: 

sssEttfififiiaitcfijjH^o. s 1 2«caL^-c*w»#'?> 

drj&s^^S-CR5eUteB«*»{CttS*-C. S 1 4A> 
6S2 6^<3iI-r„ CCt, fflfg£X©*£tC?£f|-r 
-5. 

1. -#©**««. W«lX^FW©l!7J*^6^©iS)»*sif 

»-rs*r-©wp^?r*§-r 0 

3. ^©ffitffiS*. *©-#©Xf*W©fi¥«*i£ 

[0 05 9] SI 4-C«^0©*^-7y-»*425» h 
U S 1 6fcji^B>)[5]©^©<giEf*©#it6{4S<i:Hy 
@©*fcg©gig*#§?or>Jtilil{4ffi i ©M^mffB L tcA x fo 
ottotal t?6. 'X^V, S 1 8 <tCMA,-C^<D&&<D 

mmtnmmmiiLmfr h a x foottotai i< . s 2 0 

fCii^{US[ti^-S[*f f ^©<S*4ft0tncn ^e>. Axfo 
ottotal /h trunk /cWj&#-r3. 
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[o 0 6 0 ] »>rs 2 2«cas*. -^©-y>^y> 

2T!$fc/cW S 2 4 i S 2 6 S^Oilf. BP^. S24t 
1 JSWJjWgjtofcC i *«Bl^fc«. S 2 6 (Cil/L-eig 

[ 0 0 6 1 ] m 1 1 ji-en^Tnu ft-rs 1 0 0 

r S 1 0 2<,cmA,-e-£tl*>frt>ffiiZUtc*:T : >l> 

fHft*--y > rMmdl S 1 0 4 fCjiA/CMmdl 

io ^mwm-mt ^©st* r * ^^©^©mm 

ft 9 mdl tftiiKcomdl £3jc#>-S„ ^^TS 1 0 6(Cjt 

* . Bute l tcm 6 ±f*r*i a x 4 0m©an < . 

S 1 0 8Ki^r***rKB*m©*16a**ftK. ©Ill 

©fltSiESA x foot***, «*£§©#& gtl&g^ 5 
y-£KAxfoot£jjnHU #iftS«CM><9>-** 

[006 2] cfticoi>T«$fc5c4>ai~ifc#. sccf&fix 
■TSi. #i&&g©^Efflti. ^©— *©P4Jc. ®JaeM 
20 +mW)?)¥*: : ?>\<<Dm$Pl 6 mdl ifS^ftilSomdl . 
fcJ^mH^T-'JUCtt-r&HPtf"? h©ffl*<8M6> er 
r iM#ft2g<lMo)err ^, ^§^.< OCCiR^-TSil 
fC^S-r-5^l?-e*So -e©fces?>CC{i. 0mdl , comdl 

, 0err, cd err K if©33l«EKJBW» 6 . #i«Sfiig©a 
MfCjcO, -X©— ^©^iC0md1 , comdl , 0err, co 
err A^©fil^P!»^m-r*^«IS'Jb)S^tltf^ P>tt 

[006 3] 0err i coerr «C©^©1S*»ia{C J; 
o-coKJR^-rs©-?:-. ^>-f^a'JfflS^ffiTT-S*s. 6> 
30 err icoerr (Dm&ttBZMflLX b3tmts:<,>. o$ 
«3« 6>mdl icomdl <Dm&V3&tcV-fr>h¥Mft&Ur:& 
i&tfLffl)mm&&LJg.L-Cbm.L3LZ.l3:(.K 

3»&ttSSi#*ttB©SEai©RI«*V5aU 
-S^ a > K«t <5 v y 7*{b 1/ T*J t, »T. H^©^'(f8#iC C 

©v y 7'*fflc>r»iaes©^Mfi*^ur 4>m>. 

[0064] 9 mdl i comdl ©^l5E^AfW*->6#ilb<i 

«T(c-e©#ffi*ijiw-ri„ 
[006 5] #flwra©*x* jw^^aiffljWiSfii^©* 

mdl <t comdl A^tSj 1 2 ©SCSrSBJETSJiK:. ^tteffig* 5 

[0066] 
[»12] 



(8) 



13 
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2 



I ■ (Wiiidl^mg h • s in ( 0mdJ ) ■ tan (0mdl ) 



[0 0 6 7 ] itc, ESE«J8«:ifi^c»rtKfcAcc, e 
fti 3©a*i»suawn«tt6ttc^ 

[0 0 6 8 ] 

[»13] * 



6 mdl 
[0 06 9IS1 2S, 

[0 0 7 0 ] 
[Kl 4] 



<uradi ^ 0 

Kl 3 5£<fc!J. 



V 



2 m g h 
I 



s i n ( flmdl ) * t a n ( 0mdl ) 



[0 0 7 1 ] 

[0072] 
[«1 5] 

a> md 1 = — 



1 4a«rifi(R-rti«. Kl 5©5£#»6 



r 



2 m g h 
I 



0 mdl 



[ 0 0 7 3 ] o$ 0 . ^«'J<**l£iSffi£f&©o>mdl £ 6 

(is^iESAxfoot*i^3e3nn«mn mm&mzm 

IE L ^^©^S'JSft -5 #iMf&© co mdl £0mdl 5 



(HillS^PCJg&Wcomdl . 0md1 . 6 err , coerr 
5 Ktfj^gCCi 9 #&£££**?#, ^-nSrcomdle 
t0mdle<t-rS. (^C, comdl *>\fc O' 0 mdl GCtt^T 
©err *$J:0*co err #&tfl-C#£ti£VjN;*(,>i©^K:«. 
H?*fW(C§IiC*i65Ci*st*4 t ) . emdlefcomd 
le/TOB (2mgh/l ) IcfelE-eZtUi. ft 1 5 5£ 

£s5t£-rs. *©fc&{ctt. s?aio«{c. ^ta^g^A 

20 xfoot/<£Wfl§iET5C £&CJ:oT. 6 md"l£ - A x foot 
/h trunk /cWai^-rSCi^-CtScor. #fth{igiH 
IESAxfoot£ftl 6©SCJ:t)^5ertttfMC». 
[0074] 
Z C*l 6 ] 



<? md 1 e 1 6) md 1 e 



A x foot" - 

/ " 

\! 2 m g 

[0 07 5] feJ±©«{C. »Jti(4g^iEfiA x foot#& 
tSti, ^S&aSiig^'^^-^xfootii, *£&©&!£ 30 

BS. S9I*#A 9 2 -04 9 3) *ffll>tT«*S-&ti 

£#-?££„ c<Dim*m^h\z> mutism, 

Wcgg-rsi. flW»i«#&*(cX*>5©r. 

&fKIHMI £ 0-C«EiE«©SE{b*«: U 5 » h £M:f &©# 

[0076]S1 17D- - ? + - rtCfc^Ttt^-C 
S 1 1 0tCji^rZMPS«tt»/<7-rf-*rt»6ZMP 

sa&a&iuHu s 1 1 zucM/o-cmmsmuLS^^ 

*-*tt£ £ ©J£¥&it /■< 7^-*ii>6 SS¥©(4S • m 
»*fWHU S 1 1 4 tcii^«gSi#S©±f*{S««: 0 
mdi ih trunk ©«£^3lLfc{iS:£±ttS*§ftg£ b 50 



h trunk 



h/I 



(±»©a«B?»l*»!«l»}i-r*) . SI 1 6«caW, 

•e* ^us^PfiE iEtc £ 6 n > -i' r > x ftHJ»% ff ^> „ 

[ 0 0 7 7 ] 0 1 2«-en^-rit7';U-^> • 70- 

• * + - hi?**). 5fe"TS 2 0 0CC:teC>T6«tfj-fe>if 

3 6©^Wfi[€:Kf3ji* l S 2 0 2 tcitA,r^tta>6 Z 

MPB«tfta*toi3©ISflcS**-^>hMact 

2s!\ S 2 0 4 {C ji/^-Cia7r?©«C<:ffilSI|5M££| 9 ctrl*# 

ffl l . s 2 o 6 icm.A,vz:<Dmtcimg. :s P-<D&m • &m 

^ZMPSfoOKHfEi*-!*-. IR?tf A©S£f©ti 
■ •§6»4-r&. PSJ. C©WSP»5fe©ffiW (¥fi!E4¥4 
£3 0B) tcf£ffl&c2i~c 6 4-ir (,>•£©■?. ccTttc© 
gg©8&9Uc±#>-5. 

[0 07 8] ^Ct^r-. 01 17P--ft- KcRD, 

s i i 8K«^±<*ag{ig • zmt&jEstitc&w- 

oicjtAr^p^y h ©nggp^ffi^fsi^*^©^© 
teases -a* w«p**t 5. 

[0 0 7 9] c©SWHi±ie©£p< . *f*;ucc*t-r* 
Hn^.^ h©l«**ilSPi©S^*7 r ^©<«*(g^©- 

r-#?> 0 jgic. iJcKfc-re-TZMP**^©^*!,*!: t 
fc©r. 5tccS^Ofc$iJffli(chb-<rzMP©^8tiffiffl>& 
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15 



^u©^£^ftccic.DT— Bjfio. ^©^ctsg^ie] 
as-eat^cc. max* h^-e-cD*f";u©^^dise 
■r €. gtcc mm -r sct*>6 ta* » e> *» & » * r 

[oo8o] mi 3ktc<D^m<o^2mmm^-r^x2 

[0 08 1] *^fH2gQkMCc4si,»r«. 
(C»t5Ha^»; h©flS#;ftfilM6>er-r 4PDfti'CD7 

./ - F/t» 9JHH 1 ( S ) «aor« 

$IIiaPS**IJ®SMerrdn)d (BP^. Merrdmd= H 1 (S) 20 
Oerr ) t. ffluM.l-*:'? )\s<£>timfa d mdl &7 * - K 
'<»f«H2 (S) *ffll/-CS6ni j ef r Jl'«*IW»S 
*$l|WSMmdldmd (BP^ Mmdldmd=H2 (S) 0md1 

SMactcomm i-fcf^U*- j*> hfiM^MMmdl icftffi? 

[ o o 8 2 ] 0 1 4 cc y s 9 £*s i!>*^ie^^^-r 0 c 

O^tCtet-JtH. H*-^> M&fEfiMactcomm «. M 
errdmdiMnidldmdCDfnCcy 3 ? 3? £#>W&C ifCcfc^T 

saj39ifffiiitt«*3i>6aittti»«K«i3n. sun* 

[0 08 3] > htgfFSMmdl «. Mmdld 

mdSCHUie U 3 y ZCDAJlMMftZUQit £ C £ iCj^-^X^ 

»6ti, ftijatM&iBMi. h^iftib 

#^*fOHCA#Stl*. *fc. ZMP£:bf3©SU*J5 
^*-^> hMact ifihW.fxfi^-jO V V ■< - b'^ y 
i'llJCCfcoT. mJxt)*:-~J's F 7 ^ - K/<5» ^MPffi 40 
0comp#*#)6ft£. Mactcomm £ 3 >7 - 7-f T 
tfcKccmp©«&OtcJS;ft;&-^> f- 7 < - fOt„ ^fgfPS 
0 comp£ JjtU6C£fcJ:*). <K£jEftH*4ft 6 

1 

• I ■ co rad 1 2 = : m g h • s i 

2 
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[0 08 4] Hatf* [-©<«£ ft (1^0 err ©3SSb£& 
3&r44>©tt. ZMPS^«3CD|I^Jg^^--^> hMac 

t i^^^-t-y^ n&msMmdi <Dm-e$>6„ tC*> 

~Cs 3>7'-5 -{TyxmrnW+fHtmibM-ttlli. Mac 
t (iH*-><> htg^SMactcomm (Ct3U3f— gCT*,, fit 
ot\ C©»^. HP** r©flli*ftfl^<9err <D^«J 
^/tfSt©^. Mactconm £Mmd1 ©H-C&££# 
-3T4>&1,>„ Mactconm £Mmdl <Dmt. M&<) 3 £ 
*SflftC»r4>(tt*^«c< T^SCCMerrxtadi&SO-C. &{5J 
^fcf\>MC*f-f £Ha7K* f-©M£ft<IM6>err 40 (C 

[0 08 5] —2k *^©«»Aemcn ©p«i4^ 

•TS*>©«. Mmdl -C&S. MmdliJ. HUlBys ^^Ai 
aiC^rt,^l^i^CC«Mmd1dndCC— *f ^U©M# 
*0{CiRj|!3-ii*iM»*«iE*{C»<. mife'J 3 v Htm 
t,>Ti>5i*KB. »(SI^*f t iKc»T*38n>|?t» h© 

•C. nJffiftffiBt?*'7 r Jl'©ffi* <& 0 (ClR^l 3 HfJ: ^ <!: 
fflT&„ fg{C. Merrdmd*5ij 3 » ^SSffltCtb^ritA 

r*€>iS^{c«*7 r ;u©ffl#Sij®*si»14K)5: 0 . -t^u 
©MiHJ&t&LJ:^ IP^. |a^7 

h © Z M P jW£#5Jgfi«i£©|RI!i * T * * S t 

[0086] cct, ®St*i j F-*T : JU©ffi^*ijaiy'('> 
©g:S{coi»-ciJiW^-s. ^^©ig^ftemdi ^ojc 

[0 08 7] 
[«1 7 ] 

Mmdldmd K <w - <wmdl —K0 ■ 9 md] 

[0088] m&m&m**:, m&&B&h. ic&tc* 

[0089] 
[&1 8] 

n ( 0radl) • t a n ( 6 mdl) 



[009 0] jttS[tt«{c2-3(,»rC»< fc«>}c\ co 50 mdl i 6 mdl #iM^ttr^fttf&6&U#>6. 3^19 



17 

©^£jiS£0ftWft«ft6ftc>,, 
[009 1] 

tin 9 ] 

md I • <y rad 1 

a) mdl =■ - 



2 m g h 



I 



(10) 



* [0 09 2 ] $[1 8, 
£. 

[0 09 3 ] 
[&2 0] 
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1 9^J:«3. &2 (XDJZZn 



s i n ( 9 mdl) -tan ( 0mdl) 



[00941S2 0S*i5(KL-r^2 l©5££f#£„ 
[0 09 5] 
[8(2 1 ] 



co mdl ■= 



2 m g h 
1 



8 mdl 



[009 61^21 SC*»fiL.fct«B«:*ti«. 
T-^-rJKD^^C^r^^WP^-yV hMmdl £JJl];?.ft* 

M md 1 dmd — - K <St> • Q> md I — K <y 



10 T&tfc^C^f^MSW*--.^ hMmdlchid^OKlftSJi 

©5££-«£-r£&©«. mz 2©5£-c£>s. 

[0097] 
[K2 2] 



/" 2 m g h 



0mdl 



[0 0 9 8 ] $fc2 2^^Sb-CC^ri Sl K a>*tt'b 
h {CftWCiftttttJBWcajc-C^tt < ft*. BAtttB 

cc^Tc-c^-c^-o^-^A'-^a- f-a^softt^c-r 

Sfc^Ui. 7 -f - ?;U-:/©!$tt1g#fi©f|gi! 
WSCi^f), ^©fc&JUi, Kco«^©i^2 3iC 30 
l> ft Wtl «ft 6 ft (, 

[0099] 

[»2 3 ] 

K w 2j ( 2 + 2^ 2 ) ^ m g h I 

[oioo] &2 zt%L2 3<D^ms.-r?>^icy^> 

&fK£-T*ltf\ Mindldnd©i|^fflAVJ\$<^£6ftTM 
actcomm ©l&ltffil fe'h 3 < flP* 6*1 •&©-?, Hn#* h 
©Stfttt#iS< ft*, 

[ 0 1 0 1 ] m 1 5 *>60 1 7 tt$2 ig&WDfflffiP&T)* 40 
t7P- • * + - hr&O. -5^01 5«S3 0 0*>6 
S3 1 0(cy -Y> • @16«S40 0^6 

S 4 2 2 tC*<D&9*&m*sJ:Vm®<D-9-7 ■ 

mi 7«S 5 0 0*6S5 0 6 tc-e©^ >7'5 -Y T 

> x «fc v2m&&ftw»<DH- ■ )i - * > *^-r . is 

^-t-- Mctel^S 3 0 4 £S 3 0 6 £©Ptf] 

tc«m i niStaios io©si6KS20 (ctg^-r s 
*f-*7'ttl¥l$EUft<,>. cm, ^iumfcctowjai© 



*. afc. ®i 6<Dmmmms^vmmD-^^-^> ■ 

ya- • ^ + - Kcfc<,>rtt. 5fe(cai^fc«^6S4 

02A>6S40 etfififlnstistftcc. m 1 HffisWoia 

1 1©S 1 0 8CCfflS-rS^f'»^'ttgiJI»3*l&. £fc 

01 7-9-t';u-9 l > • 7o- • ^ + - Mc*i<,>-a*S5 

f^fP*-^> hMactcomm 4Cn>^7 -<T>X^3^Kco 

[0102] m2$mm*Bx-<Dikatimmt&gM*)-v 

[0 1 0 3 ] m 1 8«C©^©^3SISS^I?r^-r7'a 

[0104] m3mmmi l c*s^xi>. mmti.^mmz 
W3>^©^iEaB. mi jyswiisi^ asas^^f 1 

■Si. ^^JH^^^S^iaiSMmdlchid©.^* 5 ** 

w . ^& ^^©^sd^jwjggt^iffisttcft *«(cmx. * 

d*. ^^^HS^fUiaiS^fllSlSMindldmcKCj:^. 



(11) 

19 

<,><t wee. mzmmvj&^itm&m**:? 

;i/***ii!3£fc!F©:£x * ;u *"(t — l, r t, > & £ # JUS . * 

[0 10 5] H19»»3ltttW©S6 0 0*>6S6 1 10 
6 <fc*)ftS.rf-f> • ;U-^> • jo- • k 02 
0 « S 7 0 0 *>6 S 7 2 4 <fc «5 ft ^©sSf&fttlte.iO'' 
»-9-7';U-g 1 > • 7 0- • * + 02 18S80 
0^?.S8 0 6 <£i3ft£-e-©:3>7'^ -ffyXteJ;^ 

01 gco^-O • ;u-?> • 7 a - • ? + - H*3il j| 
S60H©*n£. 02 1 <DV-7)l-*> 

v\m2%%m<D^tmwc^, sfcH2o©§g» 

jgW*»J:a t il8P^il'-^> • ^ a- • ^ + - h«. m 

2mmmttt^-r. mmmm&m^st-nzmiEtz 20 
xf'?7'S7 1 2#jSfln3nri>&-£t?^ft£©*r* 
5= ft. ^©«&«s^©^i6W&ffiabft^. 
[0106] m3nmm<Dm&. mm<Dim< , sisrjgT- 

*n*.**ii»*i»a. ^*tt^a3&J««-r4i*cc#»fi[ 
4 5>y*««E-*-iiw8i»*»<©t?, mim 

SiWCtt^. #ffe{ig©^HS#^ft < ft 0 . *tf^s§ 

fflJ: «3 & £5©g AS-B |Sj_hf & . 30 
[0 1 0 7 ] 02 2»C©aW©*4Sd6«*S\-r^a 

h©*f*ju*. am^*^©±ttfiis«»^cc*f-r4 

Sft^^^Ui. ±f*^S^fikaiP8flSA©B8«**3S 
»4Hfiteeu-c«. Hlfl^;>*rliJiSsns«r#£-SMBi 

IC , ^» W^*lJiaiS|5©l¥$ffl»^ £ c <!: £ l& < <b . * 
1 HiStftf £ ««IBMftj£-C« & . 

[0 1 0 8 ] 04HJSW«:*J(,ir, ZMPBt 40 

&S. 4B«fcUWJB¥©t4B-sg»-C*?IStiS. 

©&» • sgswcoo-n*. — &ct<om?m&>* ; 7*- 
$ <«*.«. xjmfkHtM^mm^nae) t>K *mm 
6 B«s¥*at^«i88iKc^ en. ass 
JMUSSfeisaMcfcor. y tju* -r A«c&»iB©-e-fte> 
©tiB*>jg»#*msns. zMPB«wfcai(coi,»r 

«. -#c:<t©ZMPBtB&ii<'<^-* **. AJUffJ^ 

i^awiJ*»e.zMPa«wfcii*fiS«wc^jt6n. zmp 
■*»»msn*. ±»©{4g • 5£!£K:oc>t:«:. mi* so 
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tfepift c » om 3 natw-c» zmp a^Diii^^s-r sis 
«c. ^*7 7-{>-e(^3n/cB#^jf r -^i u-ca 
sj w$6»iw»»cciatt snt^fc^ » 4 usigpd rra a 
* -j h©^fsj^ • ifj^^^jufcr^^uwMS^©^ 

g-sSS$, ZMPg«fmfcJ:0'ZMPg«{ig$fcf) 

n&„ 

[0109] 3r4Hffl50H©a*s> h^e^/U-CW, MJS^P 
©tiB-5e»W. S¥fi^fiX3B^6-^x.6nfcS¥© 

fts-gsiitcg&sn*. d^-v h*f r Ji'-c«. ±&© 

fiffl ZMPB*ttIK|84t4li|cS*t->f 
>h#Mmdl tft4««c»**W-»{cJ:-or*«)€.n. 
|H]B#{CSWS5©^fa*S3)<*6n.So ffi. Mmdl #0©£ 
#CCW, P^* h-*-r;U©ZMP{igttZMPg«|{ig 
iC— ST3#. Mmdl diO-Cftt»t#{C«. ZMPgtl 

PStfiS«o#v h-*7^©ZMP{ig-e{;tft< . a 
htf;KDZMPfig«, z MPsti<ug*>6 -rn 

[0 110] *-rJl/©£K®iC«:. *>h«S>Z>±mSxt)&ft 

zMP*^taiM*$«f«/j^ft^)a^rfc. mmm 

S) 4>©i-r^». C©J$fcfflS-rSc£tcJ:-or. 
^W5Hp^7 h©«#fflHWKW«:*jc>r. Hci^' 
v V ©±J*5**»(t-r 4«;Wrt«FnI*Br* i^cA# 
ft«3cf¥fflt»*nlttift4. fi£-?-t. 7^-K/< v 4» 
^V> ; &A*< b-CJS^f|ffl-Cffla%0«:iR«3-tt4c4 
^■c^r^ 0 llP^^tt, ^BSi5^{4©^ft6 

«ccis^^-c*?, 0 ftifft^. -e^uftc^i, na^' 
[oiin »4H*swtcfcc»r« > AAKj^itQaas 

(cfciir, *f ; ;i/©^lij-^- ; e7 :; ;i'Jc>pft" h© 

Mir n^ft t**^ 6 . 3t©#«tfaa. #«& f 5 > fc 
«zMPa^«iiift<ir©^/^^-**^-rs. m 
i*>6*3**«-cw»e*s*jfipfiE-rs©-c. 
S36»6©-r6L«*«jri-4«wt?»tf*« v m4mmm 

(C*jC^T«S<H^* 5 ??7±Lftl»©r'. ^§^7^ - ^ 

©i*5t*««KftS. &S£ftS^<Sgfc-r&fca?>Cc 

(igft <t©-?^ pfttt.^scc#g-rn«^^ 0 mm&)'£ 
mm-?* c n 6© v i» o ft tfcssw:* s o i^*^*. ft 

c»J©^Cc«. cn6©vi7aft KMS fc* tf ^ 6 1f *©^ 
■b* ^S'J 0 . ^-n 6 © v * a ft ttt&a#fttt 0 ft «.»««: 

^^•^y-^&^-rntimc^ s»wtcti. ^tcas 
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[oii2] sr4HteWoa#9 h{c*j«,»r«. 8>-3< 

«oai|{» h*«Ka-C*tf-r-5»^ <M*.i*. 3 km/ 

[0113] 02 3«lff4f|j!r&{'«l©S 9 0 0*>6S 9 1 

2 4«S 1 OOOA^S 1 0 1 4<fcf)W-e©^iiS 20 

«S1 10 0*>6S1 10 6J;9&-5-e©a>7*7-rT 
>X$lja]-th7';l,-5 1 > • 7 0- • + - h£jjVr„ 02 
51f^-9 L > • 7D- • 3^- Hi. Iff 1^*6^(1©* 

[oi 14] m 4 fustic fcurtt. l suswcJt-^ 

7C-f&C iAittS. 30 
[0 115] ig2 6«C©«W©»5 3atffl«:^-r^O 

v^ST-as. t©Wcfca>rA^to^i&lHJ^«£e 

awfcsettiwwjwr ftiwcrees *ifc-is©*fc 

7 y - * £B± * m o n > & fc* wra s . 
[0116] Jii5SSftWc*j<,»T. a*? h©^H^ • 

ttMtfJl'il/ttt. Iff 1 *f t ;U£i?l2 ; e'7\»U©2'-> 

«taw"M.fc*i. zMPa«*a*«s-r*««:±tMiii 

ft . ^fe^SL*5 & c > tttftT JUUI to (c*£5£tt *Mt 

£ 0 m2*7*^«:ii. B«JEE¥*iMiZMPttjIfeH1- 
(C. mi *f*^<tm2*7*^©±<*filFg©^?r0tClR-fi 
3tt4W»©»f¥ai. f2tfWlD*'v h©^ 
«*4m * 0 3 * 4 W0P©tRfP«** . ZMPSf 

(ig$:b«3 h <t Lrjjnx.6n€.„ so 
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[0 117] ^2*f-^CC>Ft-rSIIO!l<u; h©flf#ft{§ 
H0err ^PDfei'©7 ^ - K>'*? fWlH 1 (S) £ii 
Orf#6nSH(«t(i^*IJ0S*»fiMerrdmd<b, Iff 

1 *f*;Uic*t-r-5m2*f*;u©±{*(4g-rn4-7 ^ — K 

d>f|iJH2 (S) £ffiLT»6n-&*7^±f*{igi|Hj 
WB*M»*Mm(n dmd£m 2 mmmvm^tc <t y 

tcomm i^f*;!/*-^ > ht&fi"SMmdl fC^ief'S, 
[0118] ZMP*b«3©ll)*JS^J*-^> HMact 

W 4 - K ^^gecomp^^^n^. 
Mactcomm £: 3 >7'7 -f T >X^$[K comp©!R(C)^ig^) 

*§^©#fcw. ffi«[5i$K3ti-e»ns„ 

[01 1 9 ] m 1 *r^iI2 *7*;H*. 94HEtfeM<0 

■Cfl-S&etf. mi ^^fCA^Stl^Mmdl iectrl 

[0120] 02 7 wm5HSSWI©S 1 2 0 0*>6S 1 

2 1 O^'orjii,^ -i > • ;U-?-> ^c-.ft-h 
4. 02 8«S 1 3 0 0*>6S 1 3 1 8 J; 0 ^■S-er©^ 

029«S14OO^6S14O 6<fc O&S-e©^^^ 

•ft-i^r. m23i*sp9©*n6i««p]fiit?* 

[0121] JU23SJtW-Cl* : F«!>±ft«iiaAJ^ESnr 

c»4©«c*ro. msnttwrttswzMPifcat^sMi-r 
*«k. m i ^fjKcisur r -r Atc±&mit# 

c^fc*. ^9c^bSUfiP©iWa*5Sf< . 
A*A# < JUtir *>«7c-r h c t *s-e* 
[0122] 03 0(iC©IPJ©m6slii£^£^-r7a 
m6JIJfe^lr{i*7*;u©^'SS{tcc*j 

safiwcfct>r« t m2 • : &f";u©ftjitba-?'*^fig)S 

£ © -7 a ft ttfl« «r * -5 SEffl CC UX* 5 fc* CC . BUS to 
[0123] mi*7"Jb«. ^S©W3gto0@«:*Jli 

r. m2-ef';u©t^^c^-t+^ (oso. -^ct© 

*^©W«>4C®SI|to«cm 1 tfJW«S^I2tf 
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a * : » h <DMM-rti&*1* < o fc t * tc. C 
©HM-rtu&ttiEi' «t 9 £ ur02 *^ucAs*&&tt; 

t-y>FWlt5i, mi *fvl/<!:02*?-*;U©sg 

^rti^r 0 tciR^s azmrnifi-MMip-r. 0 1 **** 

t 0 2 * ^^l/O^T tuPfttt L?U£>yfribV$>*,. 
fib. 0 1 j tf r ;u©»iJtiK»«r»2*f s JHcaaiec^*> 

tSi, 01*7^<t02*f^©^Tft£O&O&Jfe 

3 tt &ih wcD»restfftfttc£ f b-r £ # * s ©r . 10 

0 1 * i» 2 tf^O^fn^ 0 {CJRjRS -Si*) 
[01243 »4SSttOT?t^iHe&tta#3Sn#» h 

■WciRjRl/J: 5 — #©H. mi^e^JKD^iJjJc 

tt3Sn#* Hcflnt>S^afl!>»»*SWtti>©-p. mi 
^-^©^Siitt. StjefcJfc^igrS-S. fiG^T, Hatf" 20 

h {cjjafe&fl-suc J: or 02 ^^uo^tt^-fbL/T 
4>. Ltfe><-rn«mi*r : ;K7>^ift{ciRmc<j:^i-r 
&©r, 02*^;u©^»ti©^»Sf±#iJ&i>-r&o bp 
o, fliessttwrtt. 04 JlSiWctb-v 
©#S/-c 7 ^ - j» JfeRfPT S C <!; (C J: S jgfWcJtfbffcffl 

[0 1 2 5 ] 03 1 «06HSgWI©S 1 5 0 0^<=>S 1 
5 1 0 <fc9&&^> -;l/-^> - • ^-r-K 

i32BS 1 600*6S 1 6 2 0 J: *) &5-£©gg$?S 
#*5j:0'$iJ@i-tf-7'JU-?> • 7a- • =F + - K H3 3 30 
itS 1 7 0 0#>6S 1 7 0 6cfc«3&£-£©=i>:/7-rT 

[0126] 06HS6#l©t§£W:> 043MSWttb-<. 

[o i 2 7 ] ft. memmmvte. mi^f^tmz^ 

Itf^iiatfJUa*'^ h©{i^*0fCiK*5tir-5. 40 

•c^rnt,*. fiu mi ffMcmtt-so v*mz.z> 

i6{ig^#«!lB#ffi4A#<^M-r €»<!:. VP©$Sbtfftj|t 
icmtfZ. BP*s. *»*r©iSH*ffia**l>tt<tto-c 

ee-o-c. mi ^rMcmtt-sy yzuax.. ■€■ so 
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ttCCJl^ ofc#il!j(ag/j:t'©i^iE?:tf ^Bg(c«. 

ftfflt©»IIBtt«>/h3 < 
[0 12 8] Jgtc. 05. 06H*MWCt>C^-C«. tt^j 

©*f r ;ui©(g^$ij®-r^«ccL/-c4>mc^ ±fi©^e 
^ju (BPo. ^©il^^xJUC^-or-Ha*^ h*>>6® 
<^nri^*7 ; ju) RexaiKsi htcfiuirr&tta.©. 
R5g*s/J> S < 0 . * ^^©^i&^i'JWa^iS < ^ § . 

«)T(ft© J &7 r ^»*f r ^aifP*-> > h*Wt8-4-*c i 
(c<j;or±fi©*T t ;Kciifiti-.s©-c. lg*«j(cSla* 
h££*7^UlT^T©«ifc£Stt#Il&3ftSo JStt 

[0 12 9] CC-C. 02HSS^|%<trfflU/c'; 5 v % 

•WP*f««Mfr * c i r-*^,^. s tHomzw 

iC-Ctt. 02Hte^-CWfcPdJiai-(C t «TO««C* 

ace. -^©*«K^})n^^#j£ 

b. J^*©i«aia*|aiisS^©SIRHifi**i»Bl9:lttiK: 

c©^. (ZMP©-rn»=*-y>h/j5Rs*sitt 

MP#affl^©^|?* -C©iE&3?f8xjEftg;*jfifl£i£#© 

c. B«ZMP{4B3&»6ZMPIwaEBJI6««©9IW*-C 

©§ui5gfa^^sti3-a--s^fit 

«. ¥JftiMrett WW3a$JB©M tt Z M P BJffe 

©-rn^c^b. cn«;@«ZMPfi[a^6ZMPff^E 

e. f^a^PDSUMJtci-pr^ensit^. PiiK 
^6*»6ns^fi(c©^*ijiig?:fln^. iyf£ffPx. 

6 y > f> *mz&ftr> D ^tc«SiJI5B ; &ttlx.^c b ^ 
iS. *S^«^©jM©#ffi 

f. HmS^J*-^> hMact ft*R*fB&jB*.tt(,Mi 
Mact (CtKO-CtlJKfii^Dj^i^^'; 5 i; ^tC. H 

*S7J^fP*-^> hMactcanm *fflT 

g. Mact 755KI?ffl*@x./c6. fi^-fc^tC. Hbhtr'-f 
>4morMactconm ^6^»-T-5#ii 
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h . matfyh ©JEfcK?J§t«'JfiI#' a # v b © Z M P 

->tch. -e*aJi(±Mactconm ©M^fffl^ii^^^t-^a 
[0130] KK, #ie£$2 4<D3Z<DmcimiCttM 

[0 13 1] 
[$24] 

Mactcomni ™a • Merrdmd f Mmdldmd 

Mradl - (a-1) • Merrdmdi-Mradldmd 10 

[0132] §s/c, jaa8»w«K:jei;r»s!-r*^ffife 

omm JCtt. ||il^<IMSIJi33)S^$IJ®SMerrclmdi ; &7 : ;l' 

tt« (**t»»*^Ji'Jb<*t4«) WfflS#fWffl«Mmcfid 
'J s v *4*>»fc< r feline v Y<r>BSxh 

[0 133] Sfc, S2XiMtii7 ^ - F'*» tfflC 
i£©»rc*«!>-C<£>Jl< . «ic»«^Si®Mft 
[ 0 1 3 4 ] Ctc. mi 2MM*6*6 JdMVr&'cft: 

©£&Pm%¥ft£ Ottt>fc«>©±fMS S ©ifc/SiSft 30 

ft4>©iorw*.tf. ^B^tftcfcc^rttZMP©?? 
ftwrwa 6 ft r t » s . ««&ffi**£f */Jn£S3*« » 

*«ZMP©??SEPttB«J«t?*«). *©■*»«: Z MP Bfclli 

-rsgi$©ftto«nc. smh^f©«i&*-5#s©a5fii 

t>. Wittf, 2ffi*tfn«K» h©>tWja*J««:*$«,»r 40 
tt. 33$JWSlrttflctcjat»©-c. sir hn^fi. Sir© 

toi3 5iifc. «Mj**?^u-ct*. B«fcK*©» 
««s^©sfr<t«. m«. zMPssagcc*-^ 

>FMmdl *!|6tt5Cit?*5. iC^T, -t^U© 
S¥fig • t ±.»<D&mt l *&®§LI&ffifr 6# S. 6 ft 

h-e«. ±#©§»**«3ert»«. £KigB©^fia*&s so 
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3tl5. ±*©-5^. JSSttWiltf. SSBRfltCteWSIBs 

ft<t-©iigg5©g{i. as. *Dag«ciWi'f i i-f 

©fig^iSx-ft o . ^o^gjttt^li left 6 «c c » 
^cc&ssn-s. ae-^r. ±&©{ig©<5*.-e. gs^fc 
±f*©ffiffcte&©¥«>ce <fc o r S«**JK;>j©g#£?i$JE 

S -S -5 C 4 4ft 5 . LtPl*. SBrnffllCfctt* @«U*J5;>3 
5CiBlIt?450t, Hl^K:«jSf(C±(*©(4g5r-^ 

h >£ft i*©iix^S(c «fc <o . a«yERs*©»fr««ar 
&±t*©{ig£&$fc-r ft. »»©i«att«rfia-r-5 

*.ft«&i>. ws&Ute. flgRBfttiiBtcL/-c6Ai» 

[0 1 3 6 ] ttc. MWS:^W«:«Mact < Lt: 

swreffi^rA^ < o/c «3 , * ^jui^iag^rfaiiiiife 4©y 

[0137]*te. ^©JS^SWJCcfc^r. 
fflllfel» 4 1 4 . W8«»JRKF:E±©*Mf ©«tc#«i!{4 

>€rWrg**IJfflISMmcnchid^/jN$ < L. ^f'JKffl^ 
(ftSC^i^^^iftfitB) ^0(ciR^3li-^*iJll*i 
(c#lft<ag«:i'©^^*7 ^ -zmjEtcj: -> rtf^o C 
|gci«Ky V<DUY$*:-J> hMactcomm ifirh 
Z<U^x. nv#"J h©ZMP{£g#ZMP#fiEi»Jtfc 

Ra^©**#jafca : or< s©r*. $^fs* 1 A#< ft 

^^6-C*i> 0 fib. *©f^t>0»Jfi(4Sfti*©^^ - 
7^-f^A^<<i$iE3ti^©-C. *ifi^H«Rffi(£B< 
ftS. *fc#ff©w»*sW{c«fcor. MflPMojmiSK 
y-fy^aiL-Ti), tt8accjei;fcj:»3«afftwtai 

[0 138]jSj. ±tei//cSri ftC^um6H)5fe0aiK:*il> 

»AurfcHt>. J*©0«^g£»i-c. ^©HOtciSJI- 
SL^*$0#64OftC»iS^. y*-*;Ha«K«fco-C 

Jr? .< - f W1»*1f toft < r feHc^. ^©fci^r- 
*>c©»W<wa*W*toti*i?-CBftl>. 
[0139] iic. ±Etc*»t»r2ja*ff©»3ceafto 
dt"y h*w(c4o-cuiwor*fc3W. -enici5g6n?>4) 
©r«ft<. c©WHtt3fi«±©Wsa£ttn#» kc 

[0140] 



27 

;U£4>&< 4fc loffxS^r^jfift^W^S&p* 

y h©sgj&3B£fbwwB«"c*or. mu^^t^u 

< 4 4>Birie*7 J JWC'7 ^ - K>< s» ? OT^r-^©^®^ 
«iE-r*«K:«lJ5S0fc©-C. <5J^©5W«c4K:cfc- 3 T 
mfieM^ft <aOtt) tt-,rfc. S 

[0141] if|5jai2Jl(c*ortt. iwaiat*©*? 5 ^ 
mria^7 r ^©ii-r<T.^{C7 ^ - k>< ? z^x^fjuom 

■fc7\>l/) «4*SIpjK? Ktfi:fflT&5m©i5SiW<t>3 < 
fc 9 , * T^Kogstb^ffiitftSrtHH <ftot, Hp ^ ? h 
4^^7 r ;u-r-^r©^^tt ; &— n since hs-t 5 c 

4^"C#€) 0 

Co 14 2] i«*]S3]l(c<fe-,r(i. ffl@m».<Dff >\> 
£4>&< 4 & 1 r>ffi&Z^>\,m^<DM2VmiU#v 

b <om&&ffl tmnmwx $> o x . Btrieve r ^ 4 h d ^ 

Jl/©*tt*«HEf4aK«t«E0fc©r. SUJSB 1 JHrSS 30 

^ytsswtcjpA. *?^©^©8*i*a£iisfctftpfw 
-r£c4#s-e#So 

co 1 4 3 ] rnxmimicb-oxi,*. ^imMmo^m 

^ ©^^^t^Jiaisig-c s^, itriB* jucat -r & 
h n v v <Dm # mmcfo 0 x m f a^e (c-^x sjsjs 

ffl8W{C»4C43WC*i. 40 
[0144] lf*^5]I(C*or«. waw*©*^ 

£4>&< 4 h 1 0«X..S*7 r ;UiI^©P^«ICl# 2' 

h ©;gl*£^bi6iJffiigSE-c iot, mrf t^u 4 Hp * 
» h©(«*(i^tcic;t;fc^fi?:Hi)ie^f : JU4HP# > 

tcmwj m mm zms.-? s mc m ta^e & t£®% 
LxfflizM%mmz®.m2-t±*>mic®mLtc<Dx. im 
m 1 mx-m^tctum* «t 0 s&ntcw & c 4 & 4 

fttc. — n^ms<]Cc^f ; ;u©^?riH]'fa'r€>c4^r^ 

So 50 



#&a¥5-3 37 84 9 
28 

[0145] fl*^6JltC*or«. W^iftP^'y h 

©^s^tffju^gtcfcc^r. max-, v<Dt)^ff 
*li*^e.©^ffi&ssti^4. (*J5;ft«»>#©M<3i£gSii 

th'PU< 4 4> 1 -^©fHKiaf)^^*^. Sffi^g4H 

p^ v h©«»«*(Bis**a"j-**s. fe%fco'iitri2fii 

DrfjieS*^S ; 5:<liiEL/'c4>©?rfjie@^S4 
HMte^P* ^ h©H®£tfc«Ifi£*-tf5*R*flM.5« 

cc«(Kofc©r. w^is-c^waftjcanitr. si 

»fi^r<gi^-r-5.C4*s-C#. n>f^-^*ffl^Tj|3S 

[0146] »*«7^«:*-9rtt. wse^iftp^y h 
(D&mimitfflfflg&tcis^x . hp^^ h©^*^ 

^**«:«ifttt3W«lE3n«««:jERR^j*i«tf-3ti/tS 

ii*$*»6©*«wf»»i. i*js^wi^©ra^*«jg 

TS^ioC< 4fe l-ocoijmmJl^rfr. Hp*'? h© 

p* -7 h©9g»«*<B^*«mirs*R. fccfco'Htjfaffl 
x, -etitc j; o cfc&s&i&#^*f\rt/©^jasti£t; 

^^©MaSCffliaWiOrSWBlln^f h©^©^ 
ffi*ififi£3-e**a*fllil.S«K:«teRLte©r. 1**^ 

j«i©T**«t»3/h3<-r 

SC4*ifl?So 

[0 1 47] UW0H8«{C*-5Ttt. ^< 44>#«fi& 

%mcm~omicffif$.Ltc<Dx. mwi^xoimrnxm-^ 

teS**«:aj^r. — »«S{c*^©^*3f5£{ciaa 
-rsc4^r^s„ 

[0 1 48] »*B93S(C*r»rtt. 4>tt < 4 fe*f3t«C 

Ufc©-C, W*^8^t?3$-</c4laI«©?am*f#-5c4 
#T-£So 

[0149] 1 O^licaoriJ. #ifcffiB&4© 

xmitt?)i<Dmm*£jEicf%^mcffif8 l i,tc<Dx, ee 
bus •c , ©»jjc^-ca^fc??(j*{c/jnxr . — 8^*^* 
7>\><D9m&&micmis.-r z> c t wxz h „ 

[0ffi©BMttcSMin 

[0 1 ] 0 1 li^tBWA^KSKBLfcZMPWW*^ 

[S2 ] mucTfi-rMigiias^xmzMPfimmzMP 
mwmx&z. 

[ 0 3 ] C ©^B^tc i^SW^tt PjK h ©sS»£5effc 

[04] C©^W©MS (4$®) *ttwr*fc©-c*-> 



(16) 



29 



30 



[05] &4teWmufci><Dtc<Dftm<Dmm mm) 

[06] B5«cSVr^a^*H*SBeLfc*>©*1IWW 

MfPWB^^ncc^rmna r * & n 
[09] zcommmimmmoMftttT^uvzm io 

[010] »ll8»«<D«i^*7n-ry-Y> • ;u-f > • 
[01 1 ] 01 o^ci- - ft- F0 9*QKlMtt(*5 
[B12]B107D--ft- h©5^<D3>77 

T>xfW©lt:/^-f > • >>u- • ft- hrftS. 
[013] c©«iJBO»2iafcW(0«r^*^-r^a ? * 
0r*s o 

CH14] »2Httl«rttffl-r*U5^4rfaJ:Cf»ES 20 
[015] »2H»Wo»fP***r^^> • ;u-f > • 

ufsm<o^f)v-^> • 7p- • ft- h-e#>£ 0 

t- hr&£ 0 

[018] COIM8<D»3IB«W©»ft«:^'r^nv^ 
Bt*5. 30 
[019] *3%ttffl®flrfE«rory -f > • ;u-f > • 

7D- • ft- Ft^^ 

[120] 0197a— f + - H©*©*I9»J|*J: 
[021] ai97n-«f t- KD*©3>^^-f T 

t- hr*& 0 

[02 2] coiwa)»r4IOt«o»ft*5«r^p^^ 
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;u-f : 



[02 3 ] «49QKMOIbflP«^ a r^^> 
[02 4 10237D— ft- h®4><D£&M&bJ: 
[025] 02 3 7 a- • ft - h(D^(D3>77^T 

>^»cDif^;u-f > • 7D- • f t- hr&& 0 

[026] c<DmA<Dm$mmm<Dmtt7h?7uy >? 
0t*5 o 

[027 ] »5iasw©«if^%7s-r^^> • ;u-f > • 

7D--ft- hr&£ 0 

[02 8] 02 7 7 a— f t- h©*(Ds6»«»*J<t 
t«W»©lJ- >OU-f > - 7a- - ft-htW 0 

[029] 0277P- - ft - h<D*CD3>7 7«rr 
>^*J:V«»S3E^bWfflI©^ T^-f > '7P--f 
t — b "CS>5 0 

[030] ccomivmsmMm^mtt^^v v >? 

0T*S e 

[03 i ] »63Qfc«©»fi^*^ry-r> • ^-f > • 

[03 2 ]H317P- ft- KD*©3S»iSIJM»J: 
dWUBoif- ^;b-f > • 7D- ■ ft- ht*5, 

[0 33]03 17U--ft - h<D«JUD=i>:/9-/7 

t- hr*4„ 

1 Utfyh (2 S^tfU 
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